) to C. pepo at 2 weeks after planting (WAP). At 8 WAP, the following morpho-physiological traits: vine length, vine diameter, number of internodes, internodes length, vine weight, number of leaves, total fresh and dry biomass assessed were significantly influenced by season and fertilizer effects. The combined analysis of variance (ANOVA) results showed that the effects of season (S) and fertilizer (F) are significant effect on all the traits. Season effect showed that the early season was better (p = 0.05) while the application of fertilizer beyond 100 kg of NPK per hectare was not statistically beneficial for biomass yield and its components. However, the significant S X F interaction on the total dry matter fitted well into a quadratic equation with significant R 2 values. The response curves showed higher response to fertilizer in the early than late planting season and a maximum biomass yield was attained at the application of 205 kg and 244 kg ha -1 of NPK (15-15-15) for early and late season cultivations, respectively.
INTRODUCTION
Cucurbita pepo Linn. commonly known as pumpkin and locally called "Elegede" in Southwest Nigeria belongs to the Cucurbitaceae family. The family is among the most important plant families supplying humans with edible products and useful fibres (Smith, 1997) . The palatable leafy vegetable deserts from this crop are relished in Southwestern Nigeria.
C. pepo L. produces a lot of biomass and its nutrient requirements are generally considered to be high (Graifenberg et al., 1996; Colla and Saccardo, 2003) . Nevertheless, excessive fertilization is common among farmers due to their poor knowledge of fertilizer types and nutrient requirement of crops (Martinetti and Paganini, 2006) . Generally, tropical soils require additional fertilizer application for crops to yield optimally. The tropical soils are degraded and are of low soil fertility status due to excessive rainfall and intensive cultivation. Hence, most tropical soils are deficient in essential nutrients *Corresponding author. E-mail: funmilayooloyede@yahoo.co.uk particularly nitrogen and phosphorus (Obalum et al., 2012) . Optimal mineral nutrition is fundamental to the growth and productivity of plants (Liu et al., 2010) . The optimum doses of nitrogen, phosphorus and potassium vary greatly with the length of growing season, fertility status of soil, soil type, cultivar, geographical location and the environmental factors. These factors will have marked effect on the growth and yield parameters of pumpkin (Manjunath Prasad et al., 2008) . The macronutrient nitrogen (N), which is essential for amino acid, protein and enzyme biosynthesis, is quantitatively the most important element (Sinclair and Vadez, 2002) . This study was designed to evaluate the influence of nitrogen, phosphorus and potassium (NPK) fertilizer application on the biomass and its components in pumpkin and determine the fertilizer rate required for maximum biomass yield.
MATERIALS AND METHODS

Location, soil characteristics and meteorological data
Field studies were conducted at the Teaching and Research Farm, Obafemi Awolowo University, Ile-Ife, Nigeria, for two seasons, the early season (May to August) and late season (August to November) of 2010 to determine the effect of NPK fertilizer on biomass yield and the fertilizer rate required for maximum biomass yield. Soil samples were taken randomly across the plots prior to ploughing of land. The soil samples were mixed to form a composite sample for physical and chemical composition analyses in the laboratory. Soil was ploughed twice and harrowed once before sowing. Two seeds per hole were sown and the seedlings were thinned to one plant per stand at 2 weeks after planting (WAP). The NPK fertilizer was added in two equal halves at 2 and 6 WAP. Insecticide (lambda-cyhalothrin) was applied fortnightly from 6 WAP. Post-emergence herbicide, glyphosate was applied at the rate of 200 ml in 15 L of H2O at 4 and 7 WAP for weed control.
Climatological data regime
Rainfall pattern at Ile-Ife, Osun State, during the early season of the experiment from May to August, 2010 ranged from 7 to 16 mm. Maximum temperature ranged from 28 to 32°C while minimum temperature ranged from 21.0 to 23.0°C. The average rainfall, average maximum temperature and average minimum temperature during the period were 13.2 mm, 29.9°C and 22.5°C, respectively. During the late season of the experiment, August to November 2010, rainfall pattern ranged from 9 to 16 mm. Maximum temperature ranged from 28 to 31°C while minimum temperature ranged from 22.0 to 22.4°C. The average rainfall, average maximum temperature and average minimum temperature during the period were 15.4 mm, 30.1°C and 22.2°C, respectively (Table  2) .
Experimental design, treatments and agronomic practices
The experimental treatments were laid in a randomized complete block design and replicated six times. Each plot size was 10 X 12 m and consisted of 7 rows. Alley was 3 m, while the plants were spaced 2 X 2 m. The treatments consisted of a local cultivar of C. pepo and 6 rates of NPK 15:15:15 fertilizer. Fertilizer was applied at the rate of 0, 50, 100, 150, 200, 250 kg ha -1 at 2 WAP of seeds. Plantings were done on the 15th of May and 1st of August, Oloyede et al. 4687 2010, respectively.
Agronomic data collection
Data were collected on biomass yield at 8 WAP. Samples of the plants were obtained within the two last rows by destructive sampling. Five plants per plot were harvested above the ground level to collect data on fresh weight, vine length, vine diameter, number of internodes, internodes length, vine weight and number of leaves. Dry matter was obtained by drying the samples to constant weight in the oven at 70°C.
Statistical analysis
All data were subjected to combined analysis of variance (SAS, 2003) . Means squares were significantly different and separated using Duncan multiple range test (DMRT) at 5% level of probability.
Regression analysis was performed on the total dry matter using the quadratic equation to determine the fertilizer rate required for maximum biomass yield. The fertilizer rate for maximum biomass yield (Ny) was calculated using the formula: Ny = -b/2c where b and c are the estimates of the regression coefficients in Y = a + bN + cN 2 (Gomez and Gomez, 1983) .
RESULTS
Soil properties of the experimental site
The results of general chemical and physical properties of the soil in the experimental area before and after cropping for both early and late cropping seasons, respectively are presented in Table 1 . The surface soil was slightly acidic with a pH of 6.4 and 6.0. The soil of the site was low in organic carbon (9.5 and 9.8 g kg -1
) and also moderate in total nitrogen (1.6 and 1.7 g kg -1
). Available P (Bray-P) was 5.4 and 5.80 mg kg -1 . Exchangeable Mg 2+ was 0.38 and 0.43 cmol/kg. The values of exchangeable Ca 2+ was 2.81 and 1.0 while for K + it was 0.40 and 0.28 cmol/kg. The soil of the site was classified as sandy loam. There was a reduction in the amount of N and organic carbon left in the soil after cropping in both seasons.
Biomass traits of pumpkin as influenced by NPK fertilizer at 8 WAP
The effects of season and fertilizer were significant on the biomass yield and its component traits. However, when the percentage contribution of the mean square to the variation in biomass traits were compared, only in the number of internodes and the number of leaves per plant were fertilizer effects more than that of season. Although, the season x fertilizer effect was significant on six of the assessed traits except in vine length, number of internodes and internodes length, its mean square contribution to traits variation was the least (Table 3) .
The performance of the traits was better in early season than in late season. Table 4 showed that the vine growth traits from early season were significantly higher than in the late season. Fresh weight and dry matter was Table 1 . Pre-planting and post-planting soil chemical and physical properties at 0 to 15 cm depth in the experimental site for Season 1 (S1) and 2 (S2).
Chemical property
Pre-planting S1 Post-planting S1 Pre-planting S2 Post-planting S2 pH (H2O) * = significant at 0.05 level of probability, ** = significant at 0.01 level of probability. season plants was 47% higher than the late season plants. The fresh and dry matter weights and values from other traits increased with the addition of fertilizer. The control traits had the lowest yields or values and these increased significantly when fertilizer rate applied was 100 kg ha -1 . However, there was no significant difference in fresh or dry matter weight or in the other traits when the applied fertilizer rate (NPK 15-15-15) increased above 100 kg ha -1 (Table 5 ). The mean fresh and dry biomass yields at maximum fertilizer rates were depressed by about 50 and 37% when fertilizer rates of zero and 50 kg ha -1 were applied, respectively. The addition of 50 kg ha -1 increased vine length by 58% when compared to the control treatment and this could be as high as 150% when fertilizer rates increased to 100 and 250 kg ha -1 . Vine diameter also increased by 21 and 50% with the addition of fertilizers at 50 kg ha -1 and above, respectively. The application of fertilizers above 100 kg ha -1 increased the number of internodes by 100% while the internode length increased by 5 to 6 cm more when compared with the control treatment. The number of branches increased by over 200% and number of leaves by 170% and leaves weight by as much as 180% when fertilizer rates increased to 100 kg ha -1 and above when compared to the control treatment.
The response of dry matter of biomass to fertilizer rates at 8 WAP fitted into quadratic equation and the R 2 was significant at 0.95 and 0.91 for early and late seasons, respectively (Figure 1) . The rate for dry matter production was higher in early season (b, 3.29 g dy ) in response to fertilizer increase. Also, higher yield was obtained across fertilizer rates during the early than in the late season. The control had a biomass yield of 180 g plant -1 while at the optimal fertilizer rate, 480 g plant -1 was obtained. For late season, dry matter yield was 100 g plant -1 in zero fertilizer but 300 g/plant at optimal fertilizer application of 200 kg ha -1 NPK. From the equation on the fertilizer rates for required maximum yield were estimated to be 205 and 244 kg of NPK (15-15-15) ha -1 for early and late season's production, respectively. Means with the same letter in each column are not significantly different at 5% level of probability using Duncan's multiple range test. 
DISCUSSION
Available P (Bray-P) was considered inadequate when compared with the critical value of 10 to 16 mg kg -1 for Southwest Nigeria (Sobulo et al., 1975; Agbede and Aduayi, 1978 (Martinetti and Paganini, 2006) . Although, the experimental site has moderate N status (0.17 to 0.18 g kg -1
), the plant biomass increased with fertilizer rates up to 200 kg NPK ha -1 but above this a reduction in biomass was observed. The result agreed with earlier reports that biomass yield increased with fertilizer application up to a certain optimal limit (Bradley et al., 1976; Shukla and Gupta, 1980; Almishaal et al., 1984; Alwan, 1986; Al-Mukhtar et al., 1987) .
Vine length and its rate of extension have influence on plant biomass. Pumpkin vine length increased with NPK fertilizer rate in this study and could be as long as five meters from the point of sowing. This created a technical problem for maintenance and mechanization of pumpkin production. The extensive foliage covering though genetic was enhanced by fertilizer application due to the fundamental involvement of NPK in the large number of enzymatic reactions as well as other metabolic, energy transfer and biological processes which hasten cell division and growth in plants (Al-Mukhtar et al., 1987) . Similar results were obtained in the application of NPK fertilizer to Philodendron domesticum L., Cordyline terminalis and Codiaeum variegatum Atta-Alla et al., 1996; Reem, 1997) .
It is suggested that the development of plants with shorter vine length and more internodes or branches where more leaves can be harvested is preferred when pumpkin is to be cultivated for leafy vegetables. The use of growth regulators such as maleic hydrazide and ethephon has been found to be effective in reducing the length of the main stem and increasing the number of primary branches in cucumber (Mukesh et al., 2011) . The inhibition of apical growth and the proliferation of ancillary branches by the growth regulators was responsible for profuse branching (Odejimi and Akpan, 2006) . Similar findings were reported in long melon, gherkin, eggplant and pepper (Murthy et al., 2007; Arora et al., 1994; Miller et al., 1996) . If this is applied on pumpkin, probably more shoots with shorter length will be produced per unit land area. Mukesh et al. (2011) reported that the application of growth hormone on cucumber is cost effective and profitable, considering the number of fruits produced per hectare and the additional income generated when compared with a control treatment.
In this study, biomass growth was higher in early season compared to the late season irrespective of the factors imposed. Also, early season require lower fertilizer for maximum yield than the late season. The excessive rainfall which is often accompanied by leaching could have contributed to the higher fertilizer requirement in the late season when compared to early season planting. Márton (2004) reported that excessive rainfall reduced the yield of Rye by 29%. Oloyede and Adebooye (2005) found out that early season's biomass of snake tomato (Trichosanthes cucumerina L.) significantly out yielded the late seasons. Even though biomass yield and hence profit returns to prospective Cucurbit leaf vegetable, farmers are better during early planting season, the calculation of economic fertilizer rate in this study from the cut marketable leaves would have captured the economic profitability of this new practice.
